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OPEN-PIT COPPER MINING METHODS AND PRACTICES, COPPER CITIES DIVISION, 
MIAMI COPPER COMPANY, GILA COUNTY, ARIZ Y 


by 


W. R. Hardwick2/ and M. M. Stover2/ 


SUMMARY 


This paper describes open-pit mining methods and practices at Copper 
Cities Division of Miami Copper Co. in Gila County, Ariz. It is one of a 
series being prepared by the Burea of Mines on mining methods, practices, and 
costs in various mining districts of the United States. A similar program, 
conducted from 1928 to 1939, provided technological information on the devel- 
opment and conservation of our mineral resources and assisted operators and 
engineers in evaluating and developing new mineral deposits. 


This circular contains a brief history of the district and describes the 
Copper Cities deposit, with particular emphasis on a detailed description of 
those characteristics--physical, economic, or engineering--that affect the 
choice of mining method. Prospecting and exploration, sampling and estimation 
of tonnage and values, development, and mining (including breaking ground, 
loading, hauling, ore control, and auxiliary operations related to mining) are 
described. Percentage of extraction, production rate, safety, first aid, fire 
prevention, mine organization, and processing plant are discussed briefly. 

The final section gives such costs, on a percentage basis, as are available 
for publication. Where relevant, some information on the Castle Dome mine is 
included. 


INTRODUCTION 


The Copper Cities mine (figs. 1 and 2) is on the south slope of Sleeping 
Beauty Mountain in sec. 12, T. 1N., R. 14 E., Gila and Salt River base and 
meridian, in Gila County, and about 3-1/2 miles north of Miami, Ariz. This 
district in central Arizona is known as the Globe-Miami District and was the 
largest producer of copper in Arizona until 1943 when the Morenci mine started 
open-pit production in the Copper Mountain district of Greenlee County. 


Other active copper mines in the district are Miami Copper Co.'s under- 
ground mine and Inspiration Consolidated Copper Co.'s Live Oak and Thornton 


1/ Work on manuscript completed June 1958. 
2/ Mining engineer, Bureau of Mines, Tucson, Ariz. 
3/ Mine superintendent, Copper Cities mine, Miami, Ariz. 
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FIGURE 2. - Location of Copper Cities Open-Pit Copper Mine. 


open-pit mines. The Old Dominion underground mine and the Castle Dome open- 
pit mine no longer produce copper ore, but a small amount of copper is pro- 
duced by leaching the dumps of the Castle Dome mine. 


The Copper Cities property was acquired by Miami Copper Co. in 1941. 
Systematic exploration by churn drill was started in 1943, but operations were 
hampered by lack of manpower, and activities were halted until the end of 
World War II. Drilling was resumed in 1946, the exploration program was com- 
pleted by 1948, development was begun in 1950, and the mine began producing in 
1954. 


The Copper Cities mine was visited in February 1958, and information for 
this paper was obtained at that time. 


Google 


ACKNOWLEDGMENTS 


Acknowledgment is made to the executives and staff of Miami Copper Co. 
for permission to publish this paper. Special acknowledgment is due 
B. R. Coil, vice president and general manager, and W. W. Simmons, geologist, 
of Miami Copper Co. Appreciation is also expressed to J. J. Spencer, chief 
engineer, and T. D. Henderson, mill superintendent, of the Copper Cities 
Division of Miami Copper Co. for their cooperation in furnishing data and 
information used in this report. 


HISTORY 


Some prospecting in the area was done as early as 1901. The first 
serious attempt at exploration of the Copper Cities area was for gold in 1904. 
Some low-grade gold ore was mined from the oxidized zone in narrow veins, and 
a 10-stamp mill was built on adjoining property, but the project failed as a 
gold mine. 


Charles E. Hart, mining engineer, examined the property in 1916 and 
stated in his report that the west side was in “copper porphyry," with good 
indications of copper sulfides at 500- to 600-foot depths. A two compartment 
shaft, 362 feet deep, and 12 churn-drill holes, totaling 9,000 feet, were put 
down and copper ore was discovered, but the property was not developed at that 
time. 


Miami Copper Co. became interested in the Castle Dome group of mining 
claims in 1940 and purchased the claims in 1941 after a study of the surface 
geology and preliminary exploration indicated a considerable ore body under- 
lying the area. Subsequent drilling indicated an ore body containing 30 
million tons of ore at Castle Dome and an additional 6 million tons at the 
adjoining Red Hill deposit. Spurred by the demand for copper during World 
War II, Miami Copper Co. negotiated a contract with Defense Plant Corp. to 
finance the project and employed W. A. Bechtel Co. to strip the overburden and 
construct a concentrating plant. The plant was completed and operation was 
begun on June 10, 1943. When the Castle Dome plant closed on December 5, 1953, 
a total of 48,484,188 tons of waste had been removed and 41,442,617 tons of 
ore had been concentrated, with recovery of about 12 pounds of copper per ton. 


The Sleeping Beauty or Porphyry Reserve group of mining claims, which 
later became the location of the Copper Cities mine, also was consolidated 
with Miami Copper Co.'s holdings in 1941. A drilling project was begun in 
1943 and was completed in 1948. About 100 holes were drilled, and calcu- 
lations, based on information from these holes indicated ore reserves of 
33,800,000 tons with an average grade of 0.7 percent copper. Overburden was 
estimated to be 34,800,000 tons, of which 20,000,000 tons had to be moved 
before the mine could begin production. An additional reserve of 9,500,000 
tons of slightly lower grade ore was discovered by drilling 9 more holes 
during 1956. 
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Since it was known that the Castle Dome ore body would be exhausted by 
1953, Miami Copper Co. decided to synchronize the development stages of the 
new Copper Cities mine with the final depletion stages of the Castle Dome 
mine. Stripping of overburden was started on the Copper Cities ore body in 
November 1950. After the milling operation at Castle Dome mine was termi- 
nated, the concentrator was moved to the Copper Cities mine, where it began 
operating on August 2, 1954. 


DESCRIPTION OF THE DEPOSIT 


The geology of the Copper Cities mine has been described by, Peterson, 4/ 
and the geology of the district has been described by Ransome.2/ The ore body 

is covered by a weathered outcrop of quartz monzonite and granite porphyry 

that attracted some attention in 1901. The Copper Cities ore body consists of 

a blanket of chalcocite ore lying beneath a leached outcrop and above a protore 
that resulted from primary sulfide mineralization. 


The oldest rock formation exposed in the Copper Cities area is the lower 
Pinal schist of Precambrian age. This was intruded by large masses of granite 
and, after a period of erosion was covered by the Precambrian Apache group, 
Cambrian wid quartzite, Devonian Martin limestone, Mississipian Excabrosa 
limestone.2/ Then quartz monzonite, diabase, and granite porphyry intruded 
the older formations, and after a second period of erosion the area was 
covered by dacite flows and the Gila conglomerate. Recent erosion has removed 
the Gila conglomerate and much of the dacite in the immediate area of the ore 


body. 


Sometime after intrusion of the granite porphyry and the Lost Gulch 
quartz monzonite, copper mineralization occurred, and hypogene minerals 
(quartz, pyrite, chalcopyrite, and molybdenite) were deposited. The approxi- 
mate outline of the outcrop of mineralized rock covers an area 10,000 feet 
ee oe feet wide, and the ore body is roughly 1,800 feet square 

fig. 3). 


The enriched metallized area that forms the ore body is bounded on the 
north by Sleeping Beauty fault, which strikes about N. 60° E., on the west by 
the Coronado fault zone, and on the east by the Drummond fault. The thickest 
and highest grade ore is in quartz monzonite; the ore in granite porphyry is 
thin. The protore varies from slightly below to well above cutoff grade. 
Supergene enrichment was important, and the limits of the economic ore body 
approximate those of the chalcocite zone. 


The leached capping ranges from 20 to 115 feet in thickness; the average 
thickness is 65 feet. The copper content of the cap rock is generally less 
than 0.1 percent. Malachite, azurite, and turquoise are the most common 


4/ Peterson, N. P., Copper Cities Deposit, Globe-Miami District, Ariz.: Econ. 


Geol., vol. 49, No. 4, June-July 1954, p. 362. 
5/ Ransome, F. L., The Copper Deposits of Ray and Miami, Ariz.: Geol. Survey 
Prof. Paper 115, 1919, 192 pp. 
6/ Work cited in footnote 5. 
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FIGURE 3. - Geology of Copper Cities Mine. 
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copper minerals in the capping. Chalcocite enrichment extends from 100 to 220 
feet below the leached capping. Most of the ore body contains less than 0.1 
percent acid-soluble copper. The transition from oxidized capping to sulfide 
ore is generally sharp and is marked by an abrupt change in color from light- 
brown to gray. The level of ground water generally slopes toward the south, 
following the bed of Tinhorn Wash. The ore body is thick under hills and 
ridges and thin under gulches. The altitude ranges from 4,250 feet on the 
highest hill to 3,800 feet in the bed of Tinhorn Wash at the southern limits 
of the mine. 


PROSPECTING AND EXPLORATION 


Exploration in the Copper Cities ore body was begun by Miami Copper Co. 
in 1943 and completed in 1948. The deposit was explored by churn-drill holes 
that averaged 600 feet in depth. The holes generally were spaced 250 feet 
apart, forming a rectangular grid, but in questionable areas or near the limits 
of the ore body they were also drilled at intermediate points. The base grid 
was oriented so that sections were at right angles to the elongation of the 
mineralized rock. A map was prepared showing surface geology, topography, and 
location of drill-hole collars. With the plan map as a base, cross sections 
and longitudinal sections were made to record assay and geological data of the 
drill holes. 


SAMPLING AND ESTIMATION OF 
TONNAGE AND VALUES 


Sludge samples were taken at 5-foot intervals by passing all the churn- 
drill cuttings through a splitter that made a 1/64 cut. The sample was 
reduced to about 15 pounds in a Jones splitter, dried, and assayed. Each 5- 
foot sample was assayed for total and oxidized copper; composite samples for 
each 50 feet were assayed for gold, silver, and molybdenum. All samples were 
examined for rock type and other geological features, and the data were logged. 


Sample holes generally were drilled by company crews, although some holes 
were drilled by contractors. The policy of the company was to sacrifice 
drilling speed to obtain accurate samples. Holes were collared with a 10-inch 
bit and usually were finished with a 6-inch bit. All holes were cased from 
top to bottom, and about 96 percent of the casing was recovered and used in 
subsequent holes. About 100 holes that averaged 600 feet in depth were drilled 
to delimit the ore body before 1948; 9 additional holes were drilled in 1956. 


All exploration indicated an ore body of relatively small tonnage (43,- 
300,000 tons) and low copper content. Furthermore, the surrounding area and 
margins of the deposit had been adequately prospected, and it was considered 
improbable that mining or additional exploration would disclose enough addi- 
tional ore or that market conditions would change to justify enlarging the 
initial pit limits. Therefore, it was of prime importance that initial plans 
for the pit be the best, economically, for the life of the mine. This meant 
that pit limits must be planned that would meet a set of conditions to give an 
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acceptable minimum profit and yet be extended to the theoretical slope lines 
for each level as it was completed. 


Elevation of the bottom level of the pit was set at 3,600 feet. This 
level was arbitrary and depended on inspection, cut-and-try, and the judgment 
of the planners. Selection was influenced by such factors as maximum ore 
production, working room, pit drainage, and haulage. 


Exploration had indicated that cap rock was relatively uniform in thick- 
ness and that copper mineralization was gradational. The pit limits were to 
be assay boundaries rather than geological features, and it was decided that 
they could be set by consideration of a line rather than a volume, thus 
reducing the calculations required. 


Before acceptable theoretical slope lines were established, certain con- 
ditions were assumed. On the basis of experience at Castle Dome mine, it was 
decided that benches 45 feet high would be satisfactory and that a back slope 
of 45° could be safely maintained. 


The cost to concentrate a ton of ore was assumed to include the mining, 
milling, and miscellaneous costs per ton. The cost per pound of copper was 
assumed to include the smelting and miscellaneous costs and the mininum 
acceptable profit per pound of copper. The mine grade of ore that would 
satisfy the assumed cost per ton of ore and per pound of copper was calculated 
by the following formulas: 


Total cost to mine and Net pounds of copper per ton ore 
A. concentrate 1 ton ore = to give minimum acceptable 

Gross value per pound profit. 

copper 

Net pounds copper per Gross pounds copper per ton ore 
B. ton ore = to give minimum acceptable 

Percent extraction profit. 

Gross pounds copper Percent copper required in mill 
C. per ton ore x 100 = heads to give minimum acceptable 

2,000 profit. 


Certain figures are assumed as follows to illustrate these formulas:&/ 


Cost to-concentrate: | ton Of 0Tes sisccertecives sues enesea’ $0.940 
Cost to mine 1 ton Of wastececvevenccescccvccccccecccssece $0.200 
Cost to put 1 pound of copper from concentrate into a 

market PFOdUCt co cccrevecvesecovesrecessssccesescesesesers $0,058 


7/ Much of the discussion on the determination of ultimate pit limits is based 
on a report, “Calculation of Pit Limits and Ore Reserves, Copper Cities 
Mining Co.", by Gray, J. H., and Simmons, W. W., prepared for AIME, 
Arizona section, field trip, 1955. 

8/ Costs used to illustrate this example are not necessarily those used at 
Copper Cities mine. 
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Market price of 1 pound Of Copper. .eccererccoscsescvercves $0.180 
Gross value per pound at minimum acceptable profit.......- $0.123 
Percent OXULACL 1 OM oioie eb ae Www Wile WS Score ane inn 0-6-4 SAS Was Ow ees $0.875 


Substitutions in the formulas are as follows: 


A. $0.940 = 7.642, which equals the net pounds of copper per 
$0.123 ton of ore to give minimum acceptable 
profit. 
B. 7.642 = 8.734 is equal to gross pounds of copper per ton 
0.875(extraction) to give minimum acceptable profit. 


C. 8.734 x 100 = 0.437 percent, which is the mine grade necessary 
2,000 to satisfy the above assumptions. 


The mine grade of ore necessary to meet the above conditions plus the 
mining of 1 ton of waste is calculated in the same way but must also include 
the cost of mining a ton of waste. Substitutions in the formulas give the 
following: 


0.94 + 0.20 


0.123 x 100 = 0.530 percent, or 10.600 pounds of copper 
0.875 per ton. 
2,000 


The grade necessary to give the minimum acceptable profit with a different 
waste factor is calculated in the same way, and a table of waste to ore ratios 
for which a corresponding mine grade of ore that will meet the assumed con- 
ditions including profit is presented (table 1). 


TABLE 1. - Ore-waste ratio and its required mine grade 


Ratio of Mine- Ratio of Mine- Ratio of Mine- 
waste to grade ore, waste to grade ore, waste to grade ore, 
ore percent Cu ore percent Cu percent Cu 
0.031 0.756 
sacl 765 
e231 0774 
e3sl 784 
431] 793 
531 803 
631 ~812 
e7sl 821 
B31 831 
Isl - 840 
1.031 849 
l.elsl ~858 
1.231 - 868 
1.33:l 877 
1.4:1 - 886 
1.531 «896 
1.631 905 
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Next, selecting the elevation of 3,600 feet for the bottom bench, the 
upper-bench levels are drawn on the sections, and the average grade of the 
sample holes through each bench is plotted along the hole. The grade value 
is projected to the midpoint between holes. These sections become the work 
sheets for the determination of the ultimate pit limits. The first step in 
establishing the back slope'is to draw arbitrarily a line on the section at 
a slope of 45° and located as near the correct position at one end of the ore 
body as judgment based on a quick visual inspection will permit (line A on 
fig. 4). This line then is examined to ascertain that it does comply with the 
acceptable conditions. 


Midpoint Midpoint C.0.H. No. 220 


C.DH No. II0 ® C) 


S| ff. 2 4005 


C.0.H. No 215 


3600 


FIGURE 4. - Part of Section N. 3500 Illustrating Investigation of Slope Line. 


The total length is measured from the bottom of the lowest ore bench to 
the point where the line intersects the surface. Next, the integral lengths 
of the lines along the slope through each ore bench are measured, and each 
length is multiplied by its respective grade of ore. The sum of these "grade 
lengths" divided by the sum of the length of slope lines through the ore 
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benches is the average grade along the section of the back slope line in ore, 
and the total length minus the length in ore is the meaSured length of slope 
line in waste. 


By refering to table 1, a waste-to-ore ratio can be found corresponding 
to the average grade that has just been computed. A theoretical length of 
Slope line in waste is obtained when this ratio is multiplied by the length of 
Slope line in ore. If this theoretical length of slope line in waste is 
greater than the length of slope line actually measured, the ultimate slope 
line lies in a direction away from the pit or ore body. However, if the theo- 
retical length of slope line in waste is less than the measured slope line, 
the ore along this slope will not pay for the waste, and the ultimate pit 
limit lies in the direction toward the pit's center. By several attempts, a 
slope line can be located along which the measured length in waste will equal 
the theoretical length in waste that can be carried by the measured length in 
ore under the assumed conditions. 


The back slope lines on all sections were calculated by the same process. 
The detailed calculation of the lines shown on figure 4 are given to illustrate 
the method. 


Calculation of line A (fig. 4) is as follows: 


Slope line through ore 


Measured line Grade 
ae Length, | Grade, length, 
Designation ae Bench feet percent units 


OFGc..cascc wae ceeaeeunewwnee cee eer 24.97 
WAS LO 6 25565446 0:66 606.0 6 owe Sew es 290.40 8.53 
545.40 44.56 

36.92 

56.65 


254.50 171.63 


From table l: 0.674 percent ore grade will carry 2.5:1 waste to ore; 
therefore, 254.5 (feet in ore) x 2.5 = 636.25 feet of 
waste, which 254.5 feet of 0.674 percent ore will carry. 
As this is greater than the 290.4 feet of waste actually 
measured along slope line (A), and B was tried. 


Calculation of line B (fig. 4) is as follows: 


Slope line through ore 
Measured line 


p j Grade 

Designation feet Bench feet percent units 
OLGsie cede ieaske pase sse ee keweaesanl (Os ee 3645 29.92 
3690 25.00 70 17.50 


WAS UC ods hw oees Ane ewes eewkeweee 496.95 35 
88.65 47.42 


| 545.00 
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From table 1: 0.535 percent ore grade will carry 1:1 waste to ore; 
therefore, 88.65 feet x 1.0 = 88.65 feet of waste, which 
88.65 feet of 0.535 percent ore will carry. As this is 
less than 456.35 feet of waste measured along slope line 
B, line C was tried. 


Calculation of line C (fig. 4) is as follows: 


Slope line through ore 


Measured line Grade 

ee, Length, | Grade, length, 

Desiqnation ee, Bench feet percent units 
70 


OF Cs siewae ae be ws. Sw bs Se aes bees tC OUe 9D 29.92 
WAG C644: ésvace be 04 see dies eleG ieee sees CeO) 44.56 
36.92 
20.00 


960.00 


1/ Assume 0.50 percent grade from midpoint to fault. 


131 40 


From table 1: 0.569 percent ore grade will carry 1.4:1 waste to ore; 
therefore, 230.95 feet of 0.569 percent ore will carry 
323.33 feet of waste. The slope line through waste 
actually measures 329.05 feet. As this is as close 
as the accuracy of data, line C was used as the theo- 
retical slope line. 


After the back slope had been established on all sections in this manner, 
the data were transferred to plan maps. A key level was selected near the 
midpoint of the ore column and a composite plan map was constructed by mechan- 
ical development from the key level up the slope to the surface and down the 
slope to the pit bottom. Maps for each level then were made by transferring 
the theoretical bench outlines from the composit map and plotting the geology 
and the data for the prospect holes with the average grade from the sections. 
Polygons were drawn to cover the area of grade influence, modified by geology 
around each drill hole, and the area was determined by planimeter. From these 
data the average grade and the tonnage of ore and waste on each bench were 
computed. The tonnage of ore and waste in the pit was obtained by totaling 
that from all levels. Tonnage from each level was weighted by the average 
grade of that level to obtain the average grade of the ore body. 


This method was used to estimate the tonnage and grade of the Copper 
Cities ore body, and based on the initial exploration drilling the ore body 
was estimated to contain 33,800,000 tons of ore, with a grade of about 0.7 
percent copper. A cutoff of 0.4 percent copper was used, and the waste that 
must be moved to mine this ore was estimated at 34,700,000 tons, or an ore-to- 
waste ratio of 1 to 1.03. Drilling nine holes in 1956 increased these reserves 
by 9,500,000 tons of ore. 
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DEVELOPMENT 


After the decision was made to develop the Copper Cities mine, a detailed 
topographic map was necessary to plan subsequent operations. In 1949, when a 
shortage of engineers existed, Fairchild Aerial Surveys, Inc., was employed to 
produce a topographic map of the area on a scale of 1 inch equals 40 feet .2/ 
All cut-and-fill work for crusher and mill foundations, stripping tonnages, 
and areas for waste dumps, tailings ponds, and road fills were planned from 
this map. 


It was estimated that 20,000,000 tons of the total waste would have to be 
moved before the concentrator started operating. The company knew that the 
Castle Dome ore body would be exhausted in 1953, and after detailed planning, 
with due regard for the time element, stripping the overburden from the 
Copper Cities ore body was started in November 1950. By January 1951, two 
2-1/2-yard diesel shovels and four 15-ton rear-dump trucks were stripping 
waste. The 2-1/2-yard shovels and 15-ton trucks were used early in the opera- 
tion and later to open new benches where room was restricted. By the end of 
the first 6-month period, a S-yard electric shovel and eight 30-ton trucks 
were moved to the new mine. Stripping began at a rate of 200,000 tons per 
month, increased to 500,000 tons per month, and later to 800,000 tons per 
month. Three 5-yard shovels were operated a total of 5 shifts per day and 6 
days per week. By August 2, 1954, when the 12,000-ton concentrator was ready 
to start operating, about 19,500,000 tons of waste had been stripped and the 
mine was ready to deliver the required daily tonnage to the mill. 


MINING 


The general mine layout (fig. 5) is so arranged that waste is disposed of 
on each side of the open pit and the ore transported to a 1,000-ton capacity 
bin at the crusher. The general surface slopes rather steeply to the south 
along Tinhorn Wash, which cuts through the area over the ore body. The initial 
levels take the form of crescents advancing north into the higher ground; the 
lower levels will have a shape more like a horseshoe. Generally, three levels 
are being operated; one level is approaching completion at the final pit limit, 
one level is in full production, and one level is just being started. This 
Situation is well illustrated in figure 5, which shows a new level, the 3780, 
being started. — 


In general, the plans of operation for stripping and mining are similar. 
However, they differ in detail, as they did for example, at the start of the 
stripping operation when all diesel equipment was being used. The details of 
the mining cycle fall naturally into the steps of breaking, loading, trans- 
porting, and disposing of ore and waste. These are discussed in the following 
sections. Differences between mining and stripping details are discussed where 
they occur. Major items of mine equipment are summarized. 


9/ Castle Dome Becomes Copper Cities in Synchronized Mine and Mill transfer: 
Min. World, vol. 16, No. 6 May 1954, p. 34. 
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FIGURE 5. - General Arrangement of Mine and Plant, Copper Cities Division. 


Mine equipment 


Prospecting drills: 
Spudder-type churn drills converted to 1,000-foot capacity.. 


Production drills: 
Medium-sized diesel-powered rotary drill.wcccccccrcccccccece 
Small spudder-type churn drills (used to clean holes)....... 


Loading equipment: 
Full-revolving electric-powered S-yard ShovelSecccccceccccecs 


Haulage equipment: 
40-ton rear-dump TEUCK Soce.csds6 0G ws 00 Sw ROS 6 SOS OW ewe eS 
30-ton rear-dump TE PUIGK S 645-4 le cesto a catee.- 0 eo. erb ase c0) owe a oo 6 eee Be 6 ere oes 


Road equipments: 


Bu LLdO2 OFS 8.6. eie.6-60 6:00 6. 06 OS he we i SS aS eee Se ee A eS 


GEA CT 6. oe Bae Wise eae era Weare ew he Oe ee. OE Cee wee 
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Number of units 


Miscellaneous trucks: 


Qston flat wack (SUuOPI16S) dedansc secs ede usaus saws wiawneees l 
Deaton. flat: Tack <(POwder) sc:45.5-4,sieieis-55wi6.4-s w.0:5 6 eee ever nie @ Mises los 1 
A=yard ‘dump: (Stemming) 644 <s2wan xs wers eee eiGuewsweweaweewess 1 
3,000=gallon Sprinklerecevccsvvccsvccccevesesaveccassresseeere 1 

Special equipments 
3 kv.-a. generating plants (dump lights). .cccccccccccccccces 2 
3 


Sump pumps, 5O-gallon per Minuteccececcrccccccccccccvecsevces 


Breaking Ground 


At the Copper Cities mine, holes with 9-inch diameters are drilled with 
churn or rotary drills along predetermined lines. Multiple rows of holes are 
drilled but are blasted one row at a time to break the ore and waste. The 
ground is easily drilled, and blasting characteristics are generally uniform. 
Ground water is a problem in some areas. 


"Breaking Ground" is accomplished by a drilling and blasting department 
that employes 11 men, including 2 foremen and a sampler. The process involves 
the following steps: Primary drilling, primary blasting, and secondary 
drilling and blasting. These are described in the following sections. 


Primary Drilling 


At the start of the stripping operation, primary drilling was done with a 
light gasoline-powered churn drill. The string of tools weighed about 1,500 
pounds, and the machine drilled at the rate of about 66 feet per shift. When 
electric power became available, the gasoline-powered machine was replaced by 
a heavier churn drill with a 2,700-pound string of tools. This machine drilled 
9-inch holes at the rate of about 104 feet per shift. As the pit became 
deeper, sulfide ore became harder to drill, and the average dropped to about 
98 feet per shift. 


In 1956 a medium-sized rotary drill was purchased (fig. 6). Powered with 
a diesel engine, this machine drilled a 9-inch blasthole with a standard roller 
cone bit at the rate of 461.6 feet per shift. During one shift a record 1,125 
feet of blasthole was drilled. In 1958 this machine drilled enough blasthole 
footage in one shift per day to sustain the current production of 20,000 tons 
of rock per day. 


Three churn drills, one powered by electricity and two by gasoline, are 
available for emergency use. These drills are also used to clear water from 
wet holes before they are loaded with powder and to drill deep prospect holes 
and blastholes in isolated areas where moving the rotary drill would be time 
consuming. 
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A drill crew con- 
sists of a driller and a 
helper. The drill oper- 
ator prepares and submits 
reports for each shift to 
the drilling and blasting 
foreman (figs. 7 and 8). 
An important section of 
the churn drill report 
lists the supplies and 
acessory tools that are 
needed at the drill for 
the next operating shift. 
The reports are filed in 
the office of the drill- 
ing and blasting foreman, 
and information from them 
is accumulated to form a 
permanent drilling and 
blasting record. 


The direction of 
shovel cuts is determined 
and planned in advance on 
a map by the mine super- 
intendent. The general 
spacing of the/holes 
along a row and the 
Spacing between the rows 
of holes are planned, and 
then lines are staked in 
the field by a transit 
party from the engineer- 
ing department. Stakes 
to mark where the holes 

FIGURE 6. - Rotary Drill. are to be drilled are 
distributed along these 
lines by the drilling and blasting foreman, who may make minor changes in hole 
spacing to adjust for local rock conditions. Holes are drilled at intervals 
of 20 to 30 feet along lines that are 35 to 40 feet from each other (fig. 9). 
All holes are drilled to 6 feet below shovel grade. 


An entire area is completed before the drill is moved to another bench. 
Short pieces of 9-inch-diameter carboard tube are placed in the holes as the 
bit is being removed to prevent the cuttings from sloughing back in the hole. 
Generally, drilling is 3 to 6 months in advance of blasting and mining. Care- 
ful operation of the shovel is necessary so that it does not dig out the tops 
of the next row of holes before they are blasted. This would result in hard 
bottom. Figure 10 shows that only the front row of holes is loaded, but the 
pipes in the background indicate the entire area has been drilled. 
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FIGURE 7. - Rotary-Drill Shift Report. 


Bits are changed as necessary. Rotary bits are discarded when no longer 
usable. Churn-drill bits are resharpened and tempered and then returned to 
service. A bit-sharpening shop is maintained, but it is not operated contin- 
uously. When churn-drill bits accumulate, a crew of 2 men, selected from the 
mine crew, sharpens about 25 bits per shift. Bits on the rotary drill last an 
average of about 1,668 feet and then are removed and discarded. Bit per- 


TABLE 2. - Drill performance 


1956 | 1957 
Churn drillss 


Gasolines 
Feet per Shift. ccccccccccccccccscccce 66 
Feet per bit changeecccccccccccccvece 72 
Electrics 
Feet per Shiftseccccccecvccccccccccccs 104 
Feet per bit change. cccccccccccccecs 108 
Rotary drills 
Feet per Shiftcccccccccccccccccccccccs - 
Feet per bit Changes cescccccsccccevccees - 
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FIGURE 10. - Loading Blastholes. 
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After a mining level is completed, a report is made by the mine super- 
intendent, which includes drilling and blasting performance. Some information 
on a typical level is shown in table 3. 


TABLE 3. - Drilling results for a completed level 
Total 


Tons MATICG o.6 0-156 66:0, 60s 0.0 ew bb we ewe eS 4,332,535.0 6,372,801.0 10, 705,336.0 


Feet of drill hole blasted... ..cccsceee 126,315.0 
Tons mined per foot of hole blasted... 84.8 
Tons mined per pound of powder used... Tel 


Primary Blasting 


The primary-blasting crew consisted of three powder loaders, two light- 
truck drivers, and a powder foreman. This crew loaded and blasted six holes 
in 2 hours. Primary blasts range from 1 to 15 holes and generally average 
about 12 holes. 


The holes in the area to be blasted are checked by the powder foreman, and 
if necessary, water or cave material is cleaned from them before loading is 
begun. The powder foreman checks the depth of the hole, distance to the next 
hole, and distance from the hole to the crest with a tape; then he estimates 
the toe distance. All linear measurements are in yards. The average hole- 
to-toe spacing is computed, and these items are entered on the Field Record of 
Blast (fig. 11) opposite the hole number. The powder foreman then computes 


FIELO RECORD OF BLAST 


BLAST NO..-~ ~--~ ~ ~~~ -- COORDINATES FROM— —~—~— ~~ —— —~-—~— NO eri es i a ee 


HOLE |DEPTH| SPACING- YARDS EE BURDEN | 5 a7j¢ |_ _POWDER STEM DECK LOAD STEM 
no. | FT. |HOLE|CREST] TOE | To Toe | Cu. YD. FT. FT. 


FIGURE 11. - Field Record of Blast. 
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the charge by referring to a table in which the amount of powder that is re- 
quired is listed in columns opposite the two variables (fig. 12). The vari- 
ables, average toe and hole spacing, are listed in the table for intervals 
that are usually encountered. The body of the table reads in units of boxes 
of powder (50 pounds). The table is computed for a factor of 0.5 pound per 
cubic yard. The powder foreman adds or subtracts from the amount indicated 
in the table, depending on the character of the ground, and enters the amount 
of powder in the blast record as the powder is loaded in the hole. 


sy cee eu IN eTTte 


mele [s [es 


1/2 FACTOR - 6 BELOW GRADE 


POWDER IN CASES FOR 45° BENCH 


FIGURE 12. - Powder-Loading Chart. 


Before loading the powder, two strands of plastic covered Primacord are 
tied to a rock and lowered to the bottom of the hole. After the hole is 
loaded, stemming is placed from the chute on the end of a dump truck (fig. 13). 
Provision is made to load the truck with fine ore to be used as stemming, on 
the fine-ore bin. This material has been passed through a 5/16- by l-inch 
screen opening. The cuttings from the rotary drill were tried for stemming 
material but did not give satisfactory results. 


Holes are charged with Special Gelatin dynamite in the wet part and 
Carbamite in the dry part of the hole. The dynamite has a strength of 60 per- 
cent and a velocity rating of about 17,400 feet per second. The Carbamite is 
rated at 70 percent and has a density of about 65 pounds per cubic foot. 


The field record of the blast is completed as the holes are loaded and 
is turned in to the drilling and blasting foreman after the blast is fired 
(fig. 14), usually at the end of the shift. Information is passed to the 
engineering department, and a Blast Report (fig. 15) is completed. Each blast 
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FIGURE 13. - Stemming a Blasthole. 
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FIGURE 14. - Firing a Primary Blast. 
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BLAST REPORT is numbered. The banks are surveyed by 
the stadia method before the shot is 
aastnumeen ss ss—(s Fired and again after the blast is 
Cleaned up. The truckloads of material 
that are hauled from each blast area 
are recorded, and the total is multi- 
pare waste -—__———-- plied by a factor to determine the 
pare commereo_________ tonnage. Actual tonnage by truckload 
is compared with the estimated tonnage 
by measurement. 


LEVEL. 


CLASSIFICATION 


ESTIMATED TONNAGE 
TONS MOVED_ 


Secondary Drilling and Blasting 


REMAINOER 


pened es ee eee Fragmentation resulting from 
REMARKS. ___ ___ tT «SCOripprimary blasts at Copper Cities is 


generally excellent. However, in areas 
of the mine where quartz porphyry is the 
predominant rock some secondary blasting 
is necessary. Humps resulting from 
failure of the primary blast to break 
the rock along the grade are common. 
These humps are drilled with wagon 


NIMET 
STATION ee sine PACTOR AREA oer. 


ee eee ee ees eee drills and the resulting broken rock 
oct Se we is pushed into the toe. Because the 
a humps are usually isolated from each 

MEASURED TONNAGE other and are of a very limited extent, 

FIGURE 15. - Blast Report. no general drilling pattern can be set. 


Occasionally boulders, also found in the quartz-porphyry area of the mine, 
are either drilled by jackhammer or broken by a plaster shot. All secondary 
drilling is done with 2-1/2-inch tungsten carbide insert bits. 


Secondary drilling seldom runs as much as 500 feet per month. 


All secondary drilling and blasting is done by the primary blasting crew. 
Air is furnished by a 320-c.f.m. portable compressor powered by a gasoline 
engine. 


Loading 


Three 5-yard full revolving electric shovels are available. In 
February 1958 these shovels were being operated a total of three shovel-shifts 
per 24-hour period to load about 12,000 tons of ore and 8,000 tons of waste 6 
days per week. During the development period, when only waste was loaded, 
five shovel-shifts were used to load about 800,000 tons per month. The average 
to date for these shovels is 6,206 tons per shovel-shift. 


The shovel crew is directly under the supervision of the shift foreman 
and consists of a shovel operator, a shovel oiler, three pitmen, and a bull- 
dozer operator. The shovel operator submits a report to the shift foreman 
(fig. 16). 
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The shovel pit, the entire working area, and level are kept clean at all 
times (fig. 17). All spill is pushed into the bank where it can be loaded, 
boulders are broken and loaded, and when humps above digging grade result from 
hard bottom they are drilled, blasted and the excess pushed into the bank for 
the next shovel cut. 
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FIGURE 17. - Loading Operation. 


Trucks may be loaded from either side of the shovel (fig. 18). Power is 
Carried to the shovel by an insulated cable. Because heavy trucks cannot 
drive over the cable without damaging it, the cable is carried over the road 
on one side of the shovel by a fabricated overhead support (fig. 19). This 
support can be engaged by a bracket on the canopy of a truck and raised when 
the dump body is elevated. The truck then can move the cable support to a new 
position (fig. 20). 


Haulage 


Transportation problems, similar to those experienced during the early 
part (prior to 1948) of the mine operation at Castle Dome were encountered at 
the Copper Cities mine. The ore haul was generally level or downhill. In 
1943 when the Castle Dome mine was developed, off-highway trucks had not been 
as highly perfected as in 1954, when the Copper Cities mine went into full 
production. After 1948, the lower levels of Castle Dome and the Red Hill ore 
bodies were mined and long hauls on adverse grades were required. During the 
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FIGURE 18. - Two Trucks in Loading Position by a Shovel. 


the latter part of 1948, a short haul of 3 percent plus became necessary, and 
the grade became progressively steeper. 


The trucks used in 1951 were equipped with 22-yard (or 30-ton) bodies, 
manually operated transmissions, double reduction differentials, four-stage 
telescopic hoists, air brakes, and chain drive from jackshafts to each rear 
axle. From 1943 to 1948, these trucks were powered with a 150-hp. diesel 
engine. However, after 1948, this engine was replaced with a 275-hp. super- 
charged diesel, and heavier clutch, transmission, and differential were 
installed. 


During a 3-month period in early 1951, these trucks hauled 933,113 tons 
of ore an average distance of 0.975 mile, with an average vertical lift of 
162.9 tect .10/” All haul roads included 600 to 3,000 feet of plus 8 percent 
grade. The operating efficiencies were as follows: 


Trip per Shifts ccccccccccsccccccesseccccccces 31.7 
TONS POF ELLs. k odes sewsewe tb 6608404 00.00 Hens 32.9 
TONS per Shift ccccccsccccccscccsesccscossccsesee 1,045.0 
Average Nal 60053s00eew hoes deus eteeastd OSs 1.8 (Round trip) 
TOR MLS HEX SULT ish ces ce basabenesevsecaweies 941.3 


10/ Van De Water, J. C., Truck operation at Castle Dome: Pres. Arizona 


AIME, Miami, Ariz., May 7, 1951, 4 pp. 
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FIGURE 20. - Truck Moving a Power-Cable Support. 
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The same trucks that were used at Castle Dome mine were transferred to 
Copper Cities mine and used during the initial development stages. As these 
trucks became older, it was apparent that at some point they would have to be 
replaced with new equipment. A formula has been devised by Miami Copper Co. 
to assist in the determination of the point of uneconomical operation for pit 
equipment. New trucks must be paid for over a given period of time, which can 
be either the life of the truck or the life of the mine, whichever is shorter. 
At the Copper Cities mine, Miami Copper Co. has elected to pay for a truck 
during the period while the new truck has minimum maintenance. The period of 
minimum maintenance is set at 3 years or about 15,000 operating hours. 


When the base period for taking capital investment into the operating 
costs is established at 3 years, the point of uneconomical operation is deter- 
mined as ee 


Let a = Amortization per cost unit, 


m = Average maintenance cost per cost unit during the base period 
used for amortization, corrected to the current period, 


M = Current maintenance per cost unit. 


Then, when M = m + a, buying a new truck would be trading dollars. When M is 
greater than m + a, buying a new truck would show a saving. 


Using the 30-ton truck described, the following example illustrates the 
application of the formula: 


Base period maintenance costs: 


Average from cost sheets, 1948-50: 
Per ton hauled 


Maintenance TA DOT 620-65 se Ww Soi Ae Ce eee ota we $0.01295 
Truck parts, OL 6 wie ino) 55am Ww Wola fe hee Bs ee oe -01861 
TOU al 6 oro 5-6-0 ao we %. 05'S Seo wo ele SO HS e Re Cees ~03156 


Correct base period costs to 1954 conditions: 


Increase labor by 28.46 percenteccccccccccceves ~01664 
Increase parts cost by 16 percent...wccocsveeses 02159 

m = 03823 
Amortization of similar new truck in 3 years... ©01502 
mta= 05325 

First 6 months, 1954, costs: 

Malntenance. La b0r sic.66:4a:60 6:50:65 wo 6.0 4 Slew esas -01506 
TLUCK “Parts, CUCswiswscspcwseeewws cow. Hess awe hs __-02188 
M = 03694 


11/ Coil, B. Rey What is the Economical Point of Replacement of Pit Equipment 
in the Southwest: Pres. AIME meeting, Miami, Ariz., May 7, 1951. 
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Since M is less than m + a, the conclusion is that the point of uneco- 
nomical operation has not been reached and new trucks are not justified. This 
formula applies to the replacement of identical units. Purchases of new 
equiptment to increase capacity or replacement because of obsolescence result- 
ing from technological improvements must be considered separately. 


At Copper Cities mine, four 15-ton trucks were used with 2-]/2-yard diesel 
shovels in the preliminary stripping, opening new benches, and road building 
jobs, where their shorter turning radius could be used to advantage. As soon 
as benches and regular hauls were established} 5-yard shovels and 30-ton trucks 
were used. In 1953 these 30-ton trucks gave the following performance: 


Trips per Shifteccccccccccvscccvnccccessaces 29.96 
TONS POLY TTiPeccconcvcccccceceseccsccscccers 30.97 
TonS per ShHiftscacccccscrecccssccccscccssecsses 927.80 
AVOTAGE Nau | 6 saso-sca 0 Wass Oi ere. ssw eeee eee S11 Ce 0.97 (Round trip) 
Ton miles per Shifteccocccccvccesccsecsecees 4092.00 


New trucks were purchased in 1956. These were 40-ton (26 cubic yards 
struck) rear-dump trucks powered with two 250-hp. diesel engines placed side 
by side. Power is transmitted by torque converters mounted integrally with 
engines through hydraulically activated multiple disk clutches and trans- 
missions with planetary gearing. Both rear axles are full floating with 
planetary reduction gears in each wheel. Total reduction is 16.07:]. The 
frame is rigid and is supported on springs. Two-shoe internal expanding 
brakes are actuated by compressed air, and the load is dumped by three-stage 
double-acting hydraulic hoists. The dumping angle is 679. The net weight of 
the truck is 78,000 pounds, and the payload is 80,000 pounds. Some general 
dimensions are presented in table 4. 


TABLE 4. - General dimensions of 40-ton truck 


Feet Inches 
Wheel-DaSCeccvcccccccvcsessccccsereececracseeseseenees 15 0.0 
Cab guard to groundececccccccccccscevevccssveesccccecs 11 
Loading heighteccoccccccccccccvcescsccescscccccssccses 11 
CHASSIS: LOMOUM oie 'o 66:6 oie:'s 6:00:56 16 eos 6:0 6.6.10 006.6060: 0 6 6ce 5 we 27 
Overall SVOMGUN vie we ove ee 6 4:6 esse wears 4) ewe ewe 414 6.4.06 Sie wie es 32 


-— 
AOLBORK RK ON OP OC -) — 

r) ee 
oOuNOoOOooOgFIgaago ou © 


OVEr a 1 Wid Clee sie wiars 0S wie oere 4-4-0. bw wie 66.60 bbe wee ae 12 ‘. 
PrOMt=ax le: CTPA CK uos0sie:0:6.5 66 06S 56 wR 4s ooo ew eeu 9 10. 
DEL VEsax 16: TL ACK 5.64 .w6:- wins ote esse le: ere e986 60 wie be.0n oe eee wee 8 2 
Front-axle ClEaranCCeccenncccccsscccsccsccccsssseccees 1 

Body Lengthecceccccccccccccccccccececcscssccsccecccccs 18 ll. 
Body width TreaLrecececcccccveccccccccecccccccscccesccees 9 ll. 
Body deptheccececcccccccccccvessccscessccsccceesececces 4 ; 


Outside front-tire SPACINGecccccsscsevecccssenencesere ll 
Outside drive-tire SPaCinGecccoeccccccreccvcsvescsecves 12 
Turning diameter on outside front tire.scccccsccccccves 62 
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When the mine was visited in February 1957, there were seven of these 
trucks available, and they were being used almost exclusively. Six trucks 
were operated during each shift, and their availability was about 91.5 per- 
cent. Truck=-shifts range from 5.3 to 5.9 and average about 5.47 per shovel- 
shift. Truck performance for the shift is reported by each driver (fig. 21). 
The driver also checks and signs a fuel charge slip when his truck is serviced 
(fig. 22). During 1957 these trucks hauled over roads that were level or 
slightly in favor of the load with the following performances 


TLips, Per Shift Uiewdsd ccvserssswwtucwas wee 30.08 
TONS: PEL TLL Ds.sbiec 60.0 06 Kew ew Mb eS eres 40.96 
TONS per Shiftecccccosccvccsccesccccccsecs 1,231.98 
Average haul...cccvccsccvccccccccseMil@Sa. 1.29 (Round trip) 
TON MLles: per-Shit Ussw00.60.s0G Wa sow 6 o-00se< 797.98 


When the mine was visited, the 18- by 25- by 24-ply tires on the new 40- 
ton trucks had not been in service long enough for service records to be 
developed. The 30-ton trucks formerly used were equipped with 16=- by 25- by 
20-ply tires. Thirty-six of these tires were driven 19,656 hours; 24 of them 
were then recapped and driven an additional 10,112 hours. This makes an 
average of 2,457 hours of use for a new tire and 1,264 hours for a recap. The 
average for a tire was about 26,399 miles or 3,299 hours including both new 
and recap duty. The truck duty at Copper Cities is about 8 miles per hour per 
operating shift. 


One phase of the operation at Copper Cities that 1s considered utmost 
importance is preventative maintenance. This is particularly true of haulage 
equipment and is coordinated with daily operating service. 


A grease shop is conveniently located near the crusher dump. This shop 
is operated by the mechanical department and is provided with two grease 
racks. Each truck is checked and greased once on each shift, and the check, 
by item, is indicated on a field report (fig. 23). Minor repairs are made, 
and those that cannot be made at the time are reported to the truck dispatcher. 
The truck dispatcher is a qualified mechanic who has experience in the mine 
operating department and reports directly to the mine superintendent. The 
dispatcher decides whether the equipment should be removed from service and 
sent to the shop or returned to service. 


A record of the hours of operation for each truck is kept at the grease 
shop and at the mine superintendent's office. Special service functions, such 
as oil change, clean filters, transmission inspection, and rear-end service, 
are performed according to a regular. schedule. 


A service and fuel truck visits isolated equipment, and a charge slip is 
made and signed by both operator and garageman when petroleum products are 
issued (fig. 22). The operator of the supply truck completes a form to record 
all deliveries (fig. 24). The total charge is entered daily on an oil and 
gasoline record that covers each monthly period for each truck. 
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COPPER CITIES DIVISION 


MIAMI COPPER COMPANY 
MINE DEPARTMENT 


DUMP TRUCK ORIVER'S DAILY REPORT 


TRUCK NO. 
SHIFT DATE 


LOADS 
SHOVEL NO.| LEVEL 
Lore | waSTE 


SPEEDOMETER READING-START 
SPEEDOMETER READING-END 
LOADS HAULED 
TIME OPERATED 
DELAYS - SERVICE 

MECHANICAL 

SHOVEL 


GIVE OPERATING AND DELAY 
TIME IN MINUTES 


ORIVER 
FIGURE 21. - Dump-Truck Driver’s Daily Report. 


Haul road construction has an important bearing on haulage costs. In 
1957 the cost of constructing these roads amounted to 9.33 percent of the total 
haulage costs. The maintenance of clean levels has been pointed out; this 
aids materially in haul road construction. The road crew consists of a fore- 
man and four bulldozer operators. Rooters and bulldozers are used to rough 
in a grade; then the surface is carefully smoothed with a grader (fig. 25). 
Roads are sprinkled with water continually while they are in use. The 
resulting surface is hard, smooth, and dustless. Dust preventative prepa- 
rations are not used. 


Auxiliary Operations and Services 


Several auxiliary operations are carried on by Copper Cities mine organi- 
zation. These and some of the necessary services are described in the 
following section. 


Power 


A 110-kv. power transmission line of the Salt River Power District crosses 
the property, and the voltage from this source is reduced to 6,900 volts by a 
10,000-kv.-a. transformer at a substation near the south end of the concen- 
trator. Power for the concentrator is delivered at 440 volts, and power for 
the mine is transmitted at 6,900 volts to a small transformer station at the 
mine where the voltage is reduced to 2,300. 
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COPPER CITIES MINING COMPANY Charge To Acct. 

Date CCC(‘“NOCCCCOCNCNCNCNCNC#d@EqQripmeennt NN... 

DESCRIPTION UNIT 

DIESEL OIL Ld GAL. 
GASOLINE—TAX PAID fe GAL. 
GASOLINE—TAX FREE a GAL. 
LUB. OIL—KIND pene GAL. 
CHAIN OIL GAL. 
HOIST OIL GAL. 
CHASSIS GREASE LB. 
GEAR GREASE LB. 
ROLLER GREASE ae LB. 
GREASE—KIND Z LB, 
OTHER i 


Garageman__ CC; perrattor 
FIGURE 22. - Fuel Charge Slip. 


The high line to the mine is located so that the 2,300-volt transformer 
Station can be placed near the center of the bench. Current is carried to the 
shovel by a four-strand insulated cable that is extended on radial lines and 
moved as the shovel changes position along the bank. 


The cable is moved by one man and a pickup truck. Insulated tongs are 
fixed on one end of a short cable and the other end is fastened to the rear of 
the truck. Starting at the center near the transformer station, the man fixes 
the tongs to a 200- or 30Q-foot section of the power cable and pulls it to the 
desired location with the truck. This is repeated at locations farther from 
the transformer station until the power cable has been swung to the new radial 
position. At the bank end of the cable 200 or 300 feet of slack is retained, 
and this is played out as the shovel advances. 


Water 


_.. Water is pumped from wells in the gravel along Miami Wash near Burch 
Siding on the Southern Pacific railroad. This water is acid and contains a 
Small amount of copper. After it is treated with lime, the sludge is pumped 
to the tailings area, and the slightly alkaline water is pumped from Burch to 
the 3,257,000-gallon reservoir above the mill by three multistage centrifugal 
Pumps, each with a rated capacity of 750 gallons per minute (g.p.m.). Water 
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TRUCK FIELD REPORT 


DATE 


WHEELS 
MISCELLANEOUS 


COOLING SYSTEM 
Olt SYSTEM 
TRANSMISSION 
REAR END 
HOIST 
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ELECT SYSTEM 
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FUEL SYSTEM 
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FIGURE 23. - Truck Field Report. 


is reclaimed from thickeners and from the tailings disposal area and added to 
this tank. This water is used for concentrating ore, for fire protection, and 
for sprinkling roads in the mine. 


Drinking water is pumped from wells near the mine to a separate tank 
system with a capacity of 50,000 gallons. 


< 
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SERVICE AND FUEL TRUCK REPORT 


CASTLE DOME COPPER CO., Inc. 
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GREASE 


ROLLER 
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GASOLINE 


MINE DEPARTMENT 


Snover No. ! 
SHovet No. 4 
SHovet No. 10 
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FIGURE 24. - Service and Fuel-Truck Report. 
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FIGURE 25. - Grading a Typical Haul Road. 


Dump Leaching 


At Copper Cities mine all waste material that contains oxide or sulfide 
copper minerals is placed in dumps so that the copper can be leached at some 
future date, but leaching is not done at the present time. 


At Castle Dome, where mining has been completed, the mine dumps are 
treated with water and copper is recovered. Water is pumped on the Castle 
Dome mine dumps, allowed to percolate through them, and collected by dams in 
Natural drainage channels as it leaves the dumps. Pumps return this pregnant 
water to a precipitation plant, where it is passed through concrete cells 
filled with detinned cans and the copper is precipitated. The sludge is 
picked up in a clamshell bucket with an overhead hoist and deposited in a 
hopper; it is then fed through a trommel, and the cement copper is separated 
from unused cans. The copper passes through openings of the trommel; it is 
washed, dried, and shipped to the smelter. The cans are then returned to the 
precipitation vats. 


The water from which the copper has been precipitated is allowed to 
cascade down several banks into a sump (fig. 26). This oxidizes some of the 
iron, causing it to precipitate in the storage ponds, and thus lowers the 
soluble iron-salt content of the water before it is returned to the dumps. 
This results in decreased precipitation of iron salts and less cementing in 
the waste dumps. Water is recycled to the dumps through a 12-inch transite 
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FIGURE 26. - Pump and Sump at Castle Dome Mine. 


line (fig. 27) by a pump, which is mounted on a raft in the sump and connected 
to the transite pipe by a flexible hose. 


A unique feature of this system is the method of distributing water on 
the dumps (fig. 28). Because water is not plentiful, operations can continue 
only by conservation of water in every possible way. Water loss from open 
ponds on the dump is quite high and the loss from sprays is excessive. This 
surface loss is avoided by driving a bull point about 6 feet into the dump and 
inserting a l-inch plastic hose into the hole. The hose is inserted loosely 
and water permeates the dump, but if the hole becomes sealed there is no 
stoppages; the water backs up to the surface and flows along until it enters 
the dump. 


The leaching-precipitating operation requires the employment of approxi- 
mately 15 men per day; 4,233,462 pounds of copper was recovered in 1956. 
Solutions entering the treatment plant contain about 3 pounds of copper per 
ton of water. 


Final Bank Slope 


The Copper Cities mine pit is designed to have a final slope of 45°. 
Figure 29 is a plan of the banks that have been mined to the pit limit. The 
final slope at the Castle Dome mine, where the formations were similar, was 
approximately the same (fig. 30). These banks were observed in February 1957, 
about 5 years after mining was terminated. Some spalling had occurred, but 
the banks were still standing at approximately 45° (fig. 27). 
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FIGURE 27. - Twelve-Inch Transite Waterline. 


Waste Dump 


Waste dumps are constructed level so leaching ponds can be constructed at 
some future date. A berm 3 to 4 feet high is built along the edge of the dump 
and along the haul road to the dump. This berm acts as a curb and prevents 
the heavy trucks from driving too close to the crest. As the dump subsides, a 
few more truckloads of waste are added and smoothed out to bring the elevation 
back to grade. 


For night work, a tower has been mounted over a steel sled to support a 
floodlight. A 3-kw. generator powered by a gasoline engine supplies electric- 
ity. When it is necessary to move the tower the sled is hooked to a bulldozer 
and towed to the new location. A man is stationed at the dump to assist the 
driver spot the truck. When the shovel product changes from waste to ore, the 
man moves to the crusher dump. 


Sampling and Ore Control 


After the drilling and blasting foreman adjusts the location stakes for 
blast holes, they are numbered. As the hole is drilled, a wedge-shaped con- 
tainer is placed on the rim of the hole with the pointed end toward the 
rotating tool of the drill. Cuttings from the hole build up in a cone, and a 
segment of this cone falls into the container. The material in the container 
is split in a Jones-type splitter, and a l- to 5-pound sample is sent to the 
assay office where it is analyzed for sulfide and oxide copper. Sample prep- 
aration in the drill area requires one man for about 2 hours per day. 


As soon as the holes are drilled they are surveyed by stadia and their 
positions are plotted on a map of the mine. The mine map is drawn to a scale 
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of 50 feet to 1 inch, which allows 
room to record the assay figures 
near the location of the hole as 
the figures are received from the 
laboratory. After the bank has 
been blasted, targets are placed 
at ore-waste contacts by the 
engineer to assist the operating 
foreman locate ore or waste, as 
required. 


MINE DRAINAGE 


Tinhorn Wash formerly flowed 
across the area of the pit. A 
drainage ditch (fig. 5) was built 
to divert the flow to the east 
and around the pit. Some water 
seeps into the pit from springs 
along the back slope of the pit, 
and many of the blastholes are 
drilled in wet ground. 


FIGURE 28. - Distributing Water for Leaching 
on Dumps. Drainage has been no problem 
except in blastholes, as all 
levels are open on the south side. As the mine becomes deeper, this will no 
longer be true, and pumps will be required. The amount of water will be small 
except during the torrential thunderstorms that occur during late summer 
months. 


WAGE, CONTRACT, LEASING, AND BONUS SYSTEMS 


Most employees are on an hourly wage scale. Supervisory employees are on 
a salary. The employees are represented by a union, and labor contracts are 
negotiated through the union. Contract, leasing, and bonus systems are not 
used, 


A pension plan is provided for all employees. Upon retirement each 
employee who was on an hourly wage scale receives $2.25 per month for each 
year of continuous service up to a maximum of 35 years. 


PERCENTAGE EXTRACTION AND PRODUCTION RATES 


The mining system at Copper Cities mine provides for completing each 
working bench to the final pit limit. This is accomplished as rapidly as good 
mining practice allow. As soon as a level has been completed, a final report 
on that level is prepared by the mine superintendent. This report records and 
compares mined tonnage with the estimated tonnage. This comparison is illus- 


Ore figure 31, and some important figures on extraction are given in 
able 5. 
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FIGURE 29. - Plan of Banks Trimmed to Trial Final Slope, Copper Cities Mine. 
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FIGURE 31. 


Comparison of Estimated Ore and Waste With Mined Ore 


and Waste From a Complete Level. 
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TABLE 5. - Final comparison for a completed level 
(tons estimated with tons mined) 


Waste 


4,165,000 | 6,358,280 
4,332,535 | 6,372,801 
100.228 


TOMS -CSU1Ma COs % u-a.o6.s oie 0.0.60 @5 608 Siw e020 Se ees 
TONS: MING s.0'd.6.acae o6. 64 006 4 06 e'c SS Sa eae eee 
Percent of estimate mined. cecccccccccccccces 
Gracde:.OSt Mila CEC sues 5 5:66 wie nercce 4 Seas oe bowels 
GHAGE “MING Osc cotee ewe sew tee wne ae swies Geese 
Percent of estimated grade mined.cccccecevee 
Units of copper estimated. ccccccrcccccsccces 
Units of Copper minedewcccccccccvccccccroces 
Percent of estimated copper mined. .weccovves 


Waste to ore aS eStimated..cccccccccccccvecs 
Waste £60:-0re “aS: MINCdsi swiss iv oe 0s ee Owe 


In February 1958, the mine was producing approximately 12,000 tons of ore 
and 8,000 tons of waste per operating day. During 1956, the mine produced 
95,264,337 pounds of copper from 4,167,147 tons of ore, with a copper content 
of 0.795 percent. That year, 3,869,132 tons of overburden was stripped, 
resulting in an ore-to-waste ratio of 0.93 to 1.00. Between August 2, 1954, 
when the mill was started, and December 31, 1957, the mine had produced 
12,566,000 tons of ore. About 31,613,000 tons of waste had been stripped. 


SAFETY 


A safety engineer is in charge of mine and plant safety. His responsi- 
bility is advisory only; the operating foreman is responsible for the safety 
of men and equipment in his charge. Safety is considered an het i part of 
good operating practice and therefore is a supervisory function.l2/ 


A new employee is given a thorough physical examination and a book of 
instructions and rules. For the first shift or longer, if necessary, he works 
with and observes an experienced man on a job that he will later assume. The 
shift foreman always has ample time to observe each man everyday and, in the 
case of a new man, is particularly instructed to determine the man's fitness 
for the job as soon as possible. Each time a foreman observes bad practices, 
he points out to the offender the dangers involved to life and equipment, and 
explains why. Failure to observe safety rules is a valid cause for summary 
discharge, 


Safety meetings are held by the mine superintendent for foremen. Sugges- 
tion boxes are provided and all suggestions are considered. The safety engi- 
neer keeps an accident record and summarizes the accidents by their type. The 
most prevalent types are discussed at safety meetings and suggestions for their 
preventiom are passed on to the men. The accident record for the years 1957 
and 1958 is shown in table 6. 


a a a a 
12/ Gray, J. H., General safety to men at Castle Dome and Copper Cities Pits: 


Pres. at annual meeting of Ariz. and Sec., AIME, Tucson, Ariz., 
Dec. 10, 1951, pp. 
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TABLE 6. - Accident record, Copper Cities Division 


Number of | Man-hours Days 
Department Accidents | worked Frequency | lost | Severity 


19573 
MING es skewness 0.313 
Ma De seserascewt eres 10 0292 
SUPT ac@iv4esaee« © 256 


Totaleseseeoee | 25 | 966,766 _| 25. | 25.859 0.280 


1958: 
WNC iis oS ee aie, See ] 154,814 0.090 
ee Deere a rere ; 286,959 087 
SUPT ACC. ssaehews 323,026 556 
TOta ls Deeawicas ae SO 0.286 


FIRST AID 


Good roads lead to all points of employment in the mine and the plant. 
Miami Copper Co. in cooperation with Inspiration Consolidated Copper Co. 
Operates a hospital and outpatient clinic, and an ambulance is available to 
Copper Cities mine at all times. The primary objective of first aid is to get 
an injured employee to the doctor as soon as possible. First-aid classes are 
scheduled for employees only when they will serve a useful purpose. 


FIRE PREVENTION 


The 3,257,000-gallon water reservoir for the mill is situated above all 
buildings and water for fire hydrants is fed by this supply. Extinguishers of 
a suitable type are placed near electric motors and other special hazards. 
Equipment is provided at company expense and a fire-fighting crew is trained 
to answer a whistle signal. 


MINE ORGANIZATION 


The operating mine organization consists of about 68 employees on hourly 
pay and 13 employees on salary. The distribution of these employees is 
shown in figure 32. The activities of the mine are summarized daily by the 
mine foreman on a form (fig. 33). 


PROCESSING PLANT 


A complete description of the concentrating plant is beyond the scope of 
this paper. The plant equipment at the Copper Cities mine is essentially the 
same as that used at the Castle Dome mine. That mill began operating on 
June 10, 1943, and ceased operations at the Castle Dome location on December 5, 
19533; then it was moved 15 miles to the Copper Cities mine, where it began 
operating on August 2, 1954.13/ Table 7 presents a summary of the Castle Dome 
and Copper Cities operations. 


13/ Henderson, T. C., Copper Cities Concentrator: 
June 1, 1957, 7 pp. 


Pres. AIME, Miami, Ariz., 
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MINE SUPT. 


CHIEF ENG. CHIEF GUARD D& B FOREMAN TRUCK DISPATCHER ROAD FOREMAN 


I3 GUARDS POWDER FOREMAN 3 SHIFT FOREMAN 4 DOZER OPERATORS 
HELPER 3 SHOVEL OPERATORS i8 ORE TRUCK 
DRIVERS 


FIELD ENG. 


2 CONCENTRATE 
TRUCK DRIVERS 


LOADERS 
2 LIGHT TRUCK 3 DOZER OPERATORS 
DRIVERS 


JACKHAMMER WTS 
RODMAN SAMPLER Seni TOn 19 PITMEN | 
2HR./ DAY 
SAMPLER 


6 HR./ DAY 
FIGURE 32. - Mine Organization Chart, Copper Cities Division. 
TABLE 7. - Summary of concentrator operations 
Castle Dome mine | Copper Cities minel 


3 DUMPMEN 


General: 
Milt. Started os.i2-6:4daweeeweneees 60008 June 10, 1943 Aug. 2, 1954 
Mill closed. cccscccccesescoseccccees | Dec. 5, 1953 - 
Fons Milles seccscscceaceecessvcvews || 445442;616 12,566,000 
Grade of ore, percents: 

Total Copperececccccccccccvcccccce 0.725 0.715 
SULIT 4:55 6850 ¥.6 86a wee Eat ewes Os 0.689 0.680 
Oxides ccvcccccccccccccvccccccces 0.036 0.035 

Tons milled per man Shift...cccecoees Tis et D760 
Water TreCOvery..ccocccceesespercent.. 81.7 86.6 
Reagent and steel consumption, pounds 
per tons 
Sodbum AGrol LOab 6 i:o¥. 0.4070. 0100-650 408.86 0.050 0.050 
PINE Olle cccccccccccscccccccccecccecs 0.126 0.087 
DOWf roth. cscocccrrcrvesesesesvesssees - 0.030 
LAMC 6.6 6:0:05:6.5.65.60 660 60% Seeleeneees.eses 3.60 3.69 
Grinding DallSeccccccccccccccssccece 1.92 1.58 
Ball mill liners: 

Manganese LinerS.cecceccccccceccecs 0.012 - 

NiHard Liners ccc cccse sees ewes ee as 0.099 - 

Cast iron liners.ceccccccccsceseccs 0.007 - 

Power consumption; kw.-hr. per ton.... 14.283 11.952 


Water consumption; gallons per ton 
of ore: 


Reclaimed. acccccccdcesovsessesscecses 635.0 - 

FYOSM cs ab.o.0 0 oie 6a. 0s awa 8's OS oie 05 2 Tae 116.0 130.0 
Copper recovery, pounds per ton 

Of OTE Cis wsaieiavdesssweseseens anne 12.408 11.906 


1/ Figures cover period from Aug. 2, 1954, to Jan. 1, 1958. 
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SHOVEL 


M5053 


{ 
| 


MEN WORKED 


MEN 


DUMP BOSS 


| 


SHOVEL OPERATORS 


SHOVEL OILERS 


DOZER OPERATORS 


AUTO CAR DRIVERS 


TRUCK DRIVERS 


SPRINKLER DRIVER 


PITMEN 


OTHER 


TOTAL WORKED 


OFF 
VACATION 
LEAVE 


SICK 


TOTAL OFF 


TOTAL MEN ON SHIFT 
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CASTLE DOME COPPER CO., Inc. 


| 


| 
{ 


TRUCK LOADS DUMPED 


MINE DEPARTMENT 
DATE o 
SHIFT REPORT 
SHIFT . 
FOREMAN noone ce ee 
TRUCK CONDITION AT 
HOURS END OF SHIFT 


GENERAL REMARKS: 
Accidenta, shovel breakdewns, repairs needed, condition of roads, 


dump, pit, shovel moves, etc. 


FIGURE 33. - Shift Report. 
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The move from Castle Dome to Copper Cities, except for structural steel 
and siding of the mill building, was done by company employees. Cranes were 
used as much as possible to pick up machinery before the buildings were torn 
down. The company used two rubber-tired mobile cranes each with a 15-ton 
capacity. Two shovels were converted into cranes, a 1-1/2-yard shovel was 
equipped with an 80-foot boom, and a 5/8-yard shovel was equipped with a 50- 
foot boom. Equipment was hauled in two 18-foot ore-concentrate trailers that 
were converted into flat-bottomed trailors, four smaller flat-bottomed 
trailors, and a 60-ton lowboy unit that was rented. The longest items moved 
were the 66-foot building columns and the heaviest pieces were the ball mills, 
which weigh 45 tons each. The steepest grades were 12 percent for about 1,000 
feet and 8 percent for three-fourths of a mile. 


At the new location the crushing plant was rebuilt to reduce 12,000 tons 
of ore per day to pass through a 5/l6-inch mesh screen. The 40-ton mine 
trucks dump into a 1,000-ton receiving bin. The bottom of this bin is a 
10-1/2- by 23-foot pan feeder that feeds a grizzly with sloping bars spaced 
8 inches apart. The oversize goes directly into a 66- by 84-inch jaw crusher. 
The undersize from the crusher and the grizzly is conveyed to a second-stage 
crushing plant composed of two 7-foot standard cone crushers in an open 
circuit, and then to a third-stage crushing plant where four shorthead cones 
are used in a closed dircuit with 5/l6-inch screens to size the final product. 
A simplified flowsheet of the crushing plant is shown in figure 34. Important 
equipment is as follows: 


Crusher equipment 


1. Ore pocket (1,000 tons). 
2. Pan feeder (10-1/2 by 23 feet). 
3. Grizzly (8-inch spacing). 
4. Jaw crusher (66 by 84 inches). 
5. Conveyor (4 by 161 feet). 
6. Grizzly (4-inch spacing). 
7. Conveyor (4 by 523 feet). 
8. Storage bin (578 tons). 
9. Pan feeder (4 feet by 16 feet 11 inches). 
10. Grizzly (1-1/4-inch spacing). 
11. Standard cone crusher (7 feet) 
12. Conveyor (4 by 1,054 feet). 
13. Storage bin (800 tons). 
14. Conveyor (3-1/2 by 215 feet). 
15. Vibrating screen (5/16- by l-inch mesh). 
16. Vibrating screen (1/2- by l-inch mesh). 
17. Conveyor (3-1/2 by 43 feet). 
' 18. Shorthead cone crusher (7 feet). 
19. Conveyor ( 3 by 63 feet). 
20. Conveyor (3 by 240 feet) 
21. Conveyor (3-1/2 by 254 feet). 
22. Conveyor (3-1/2 by 1,181 feet). 
23. Fine-ore bin (12,000 tons). 
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The final product of the crushing plant is stored in a 12,000-ton suspen- 
Sion=-type steel bin. Feeder chutes from this bin discharge on a belt system 
that feeds over a weightometer to the ball mills. The mills are charged with 
2- and 3-inch balls and driven at 16.6 r.p.m., or about 68 percent of their 
critical speed. 


For flotation six 100-foot primary cells of Miami type are used. About 
4 pounds of lime is used to neutralize the acid, 0.017 pound of Dowfroth and 
O.061 pound of pine oil are used as a frothing agent, and 0.049 pound of sodium 
Aeroflotat is used as a collector. Concentrates are cleaned and recleaned in 
35-foot Miami-type cells, and rejects are passed through 10-inch cyclones; 
underflow is returned to the ball mill. Concentrates are filtered, hauled in 
20-ton end-dump trailers 3 miles to a railroad siding, dumped in a receiving 
bin, and loaded into railroad cars by conveyors; the cars are then taken to 
the Inspiration Smelter. A simplified flowsheet of the grinding and floation 
is shown in figure 353 important equipment is as follows: 


Grinding and flotation equipment 


1. Fine ore bin (12,000 tons). 

2. Ore feeders (5 used). 

3. Conveyor (2 by 84 feet). 

4. Conveyor and scales (2 by 75 feet). 

Se Automatic pH control units. 

6. Ball mill (10-1/2- by 11-foot grate type, 

with drum feeder and 600-hp. motor). 

7. Classifier (12- by 28-foot rake type). 

8. Six-way distributor. 

9. Primary flotation (six Miami-type air 

lift cells, each consists of two 50-foot sections). 

10. Cyclone separator (10 inches). 

11. Cleaner flotation (35-foot Miami-type cell). 
12. Regrind ball mill (7 by 12 feet, with 250-hp. motor). 
13. Thickener (60-foot diameter). 

14, Leaf filler (four 8-1/2- by 6-foot leaves). 
15. Conveyor (1-1/2 by 316 feet). 

16. Conveyor (1-1/2 by 46 feet). 

17. Concentrate tailer (20 tons). 

18. Thickeners (225-foot diameter). 

19. Hydroseparator (30-foot diameter). 
20. Tailings dam. 


Typical properties of the products of the Copper Cities mine are shown in 
table 8. 


Final tailings from the rougher cells flow through a rubber-lined wood 
launder to two 225-foot thickeners. Thickened tailings that average about 
45.2 percent solids flow by gravity through 18-inch redwood stave or transite 
pipes on an 0.8 percent grade. Tailings are discharged into the pond from 
4-inch spigots that are spaced at 39-foot intervals. 


Water from the thickeners is returned to the mill supply tank. At times 
slimes are troublesome, and a flocculant (Separan))is added in amounts of 
about 0.003 pound per ton of ore. Phosphate is added in amounts of 1 to 2 
pep.m. at several key places where scaling and choking pipelines have occured. 
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ORE POCKET 


PAN ated 
GRIZZLY 


OVERSIZE UNDERSIZE 
JAW CRUSHER 
CONVEYOR 
STORAGE BIN 
PAN FEEDER PAN FEEDER 


sein (bad GRIZZLY 
OVERSIZE UNDERSIZE UNDERSIZE OVERSIZE 
STANDARD cone CRUSHER 


STANDARD CONE CRUSHER 


CONVEYOR 
STORAGE BIN 
PAN FEEDER PAN FEEDER 
CONVE YOR CONVEYOR 
SCREEN SCREEN 
OVERSIZE UNDERSIZE UNDERSIZE OVERSIZE 
CONVEYOR CONVEYOR SCALES 
SHORTHE AD SH EAD SHORTHEAD SHORTHEAD 
CONE CRUSHER CONE CRUSHER CONE CRUSHER CONE CRUSHER 
CONVEYOR 
CONVEYOR TRIPPER CONVEYOR 


12,000-TON FINE-ORE BIN 


FIGURE 34. - Crushing-Plant Flowsheet. 


132-TON LIME BIN 12000-TON FINE-ORE BIN 
CONVEYOR 5 ORE FEEDERS 
BALL MILL CONVEYOR 
CYCLONES CONVEYOR SCALES 
UNDER FLOW OVERFLOW 


BALL MILL 
CLASSIFIER 
OVERF LOW UNDERFLOW 
DISTRIBUTOR 

PRIMARY FLOTATION 


CONCENTRATE TAILINGS 
20 $0 FT. 1ST 30 FT. HYDROSEPARATOR THICKE NERS 
CYCLONES IST CLEANING CELL UNDERFLOW OVERFLOW UNDE RFLOW OVERFLOW 
OVERFLOW UNDERF LOW REJECT CONCENTRATE 
TAILINGS POND MILL-WATER 


CIRCUIT 
2D CLEANING CELL 
REJECT CONCENTRATE 


CYCLONES 


UNDER FLOW 
BALL MILL 


OVE * bow 


20 HALF IST HALF RECLEAN CELLS 


REJECT CONCENTRATE 


REJECTS ah 
FINAL CLEAN CELLS 
CYCLONES 
FINAL CONC. REJECT 
R F 
OVERFLOW UNDERFLOW [> —_metenen SCAVANGER CELL 
RETURN UNDER ots 
TO WerLow Low REJECT CONCENTRATE 
PRIMARY MILL WATER FILTER 
CLASSIFIER 


Comes van 
20-TON TRUCKS 


FIGURE 35. - Grinding and Flotation Flowsheet. 
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TABLE 8. - ical properties of Copper Cities products 


Free 


Solids, | CaO, pounds Average asSay percent 
average 


per ton of | Total j Sulfide 
Product percent | solution Cu Cu Fe | Insol. 


Crusher PTOdUCteocccvvens beac = 
Flotation feed..ccccccces 0.857 89.8 
Rougher concentrate 


NG 's--.d.e'seiaw Se sien Ob eB ieare 20.160 24.2 
Rougher concentrate 

NOG <2 seein 60's ese ee es 2.230 73.4 
Cleaner tailing (Ret. 3 

and 5 Cell rej.)ecccccce 1.960 40.6 
Cyclones overflow..c.cccee 22.600 13.2 
Cyclones underflow.....-. 15.480 5.0 
Final concentratesS...ecoe 38.950 6.8 
Scavenger tailing (Ret. 6 

Cell 56) ic nwa cece seaeone 2.920 37.8 
Final tailing...cccccccee e113 93.8 


Filtered concentrate..... 


Average screen analysis, percent on mesh 
Crusher producCt.ccccrccee 2.9] 2.0] 1.9] 1.4] 1.3 
Flotation feed...ccccccee 
Rougher concentrate 
NO se. lsieseinis wees ww sie-wreieee 
Rougher concentrate 
NOW. 22 bie sainiee bate 60s cae 
Cleaner tailing (Ret. 3 
and 5 Cell rej.)eccceces 
Cyclones overflow... .ceoee 
Cyclones underflow....... 
Final concentrateS..ecccce 
Scavenger tailing (Ret. 6 
Cell. 964 o)uccsautaidesss 
Final tailing. .ccccscssae 


1/ Diameter of opening. 


Recent improvements in the flow have included the use of 10-inch cyclones 
for classification in the concentrate regrind circuit, the return of the reject 
from the final cleaning cell to be reground, and the inclusion of automatic pH 
control. A pilot plant is testing the possibility of recovering molybdenum 
from the final concentrate. 


MINING COSTS 
Performance in units per machine shift has been used in the discussion of 
the operation. Direct costs are not available for publication. A percentage 


breakdown of the costs of some units in the operating cycle is given in table 
table 9. 
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TABLE 9. - Mine equipment unit costs 


Percentage breakdown 
Rotary drill: 


Operations 
ADOPT 4:6-6:6-S:5:sis 6.66 e as Cee ee ae eee weketeueseee « SOs00 
SUPP11L CS s:06 bs ese seeseeeeaw eee eieeewsececeses 200.17 
TOtALl “OPO Lra CING i646 s-60e1ssce's aw Nias ai0e ee see Wiese seen ees 50.73 
Repairs 
LA DOP 680s Kase Kw eS 66 e5S Sees ee ees ceeewee 20.39 
Parts. and. SUPD11 OSs 60.0: 0:66.06 6 0 tine eee 08% 608 8.16 
MiscellaneouS.ccccocscccccsccscsesccesesecsosee 14.72 
TOtal, PODALL vs é-6 wis ie 65666640455 6000 40 00-6. 645044:0 4 eee 49.27 
Total CoStecccveccvansesvessccesveseccvcssecsesee 100.00 
Loading, 5-yard shovel: 
Operating: 
LADOM sss siee seis setae tS seus eteweneeepe seeds: “2leL/ 
SUPPLIES. ccccccccccccaccccceverecessccceveces 2.87 
POWE Tews aorsew eG sices ere SeteeeeWeeekeeueeeeeee “2605 
MiscellAneouSeccocscccccescccsccsccsccssseces§ LOe14 
TOtal. OPETALING 6 sis wes. 5:60.6 wow 600.6 ow Ow WOO oS eaee 60.81 


Rapairs 
ADO RP 56066: bw oe 400 he Slew le alo Re Oa SEL See 16.03 
PAPC S646 'o Sri W055 6 PSS OS OTRO AEH ESSE OOK Cae 23.16 


TOCAL TOPAl ls <.6s56 06408 66 bee eke sieeeeeeeessesecces: .. O9619 
TOUAL, “COS tvs ésinn'e ¥e ise 66 ties seen eeeseseecese -100,00 
Haulage, 40-ton trucks: 
Operating: 
LaDOP vas ssa weSee eset ee ter eee een weweweeeewe: S900 
TITC@Sina 60s sts se esee recone cerawsesccsececes LOS’ 
Petroleum productSecccccccccscccccccesesecsecee L116 
SUDDILCS 66.05 06.46.0050 00-066 BSW Ue & 66s S:se Ose Seu 2.71 
TOUG) OPC LACllG 66 wrs-se ow wwe WS Wine h4 5c wee 4 oe Sew ea os 71.85 
Repairs 
LADOP se s-64.06 S siwae ee CSS Ne Se stwwe ta Seeeeesasecue LO.00 
Parts and SUpPplieCSsccecescvcetevsecscsesceccs 98667 
MISCELLANEOUS. acaccescccccvccccescccesccccees 1.43 
TOGA] TODAY we 6 ss. ciw aw 5o: ew 4 o.5.6 6:6 i Sw pei eielie w ere e w-6'e. 06 28.15 
TOtal COStscccccnnccccccsscccscascesesevesessese 100.00 
Haulage road (approx. 7 percent of total haulage cost): 
Operating Label ssssieetwsecseweseserecaseecess 2x08 
Maa MECN ANCE «5:5: o/0csi4 b:4:1e 6:6) a-0 were'ee 60s. o esse Sees eres s 1.23 
Operating SuPplieS.ccsccccencccccsseccccsscesse 4.10 
EQui pment USOd 6. <::e-'s/orv a dvelere diaacerereo asian as Se/sieeel /O%s OL 
Mi-SGel 1 aneous ¢viee-0.0 oa.0 Gis wawieieeie aete ise Neie-e 0a790i% 2.08 
Haulage road CoStScccccccnccnccccccrcccesssccccscsseese 100.00 


1/ Light trucks, bulldozer, carryall, and other equipment charged at 
hourly rate x hours used. 


t& U.S, GOVERNMENT PRINTING OFFICE: 1960 O - 574933 


Google 


